HORTSCIENCE 30(6): 1211-1214. 1995. seed can result in complete rejection for certification. Therefore, cabbage seed fields must be maintained relatively weed-free to ensure high-quality seed.
Weeds in cabbage grown for seed are difficult to control because of the long growing season required for cabbage seed production. Seed production cycle for cabbage is 12 months, so plants must compete with summer and winter annual weeds during their life cycle.
Proper cultural practices, in conjunction with using 2-[1-(ethoxyimino)butyl]-5- [2-(ethylthio) propyl]-3-hydroxy-2-cyclohexen-1-one (sethoxydim) or (±)-2-{4- [[5-(trifluoromethyl) -2-pyridinyl]oxy]phenoxy} propanic acid (fluazifop) effectively controls grasses in cabbage fields. However, methods to control broadleaf weeds in cabbage seed fields are limited by lack of effective labeled herbicides.
Trifluralin, oxyfluorfen, 2-[(2-chlorophenyl)methyl]-4,4-dimethyl-3-isoxazolidinone (clomazone), dimethyl 2,3,5,6-tetrachloro-1,4-benzenedicarboxylate (DCPA), N,N-diethyl-2-(1-naphthalenyloxy) propanamide (napropamide), clopyralid, and pyridate controlled several broadleaf weeds in processing cabbage (Bellinder and Warholic, 1988; Bellinder et al., 1989; Bhowmik and McGlew, 1986; Cowgill and Majek, 1991; Granbowski and Hopen, 1984; Kee, 1985; Marion et al., 1985; Scott and Weston, 1989; Scott et al., 1995; Stamm and Ashley, 1980; Wallace and Bellinder, 1991) , but to our knowledge, no research has evaluated herbicides for broadleaf weed control in cabbage grown for seed. Therefore, our objective was to evaluate the effect of same herbicides on broadleaf weeds and cabbage plants grown for seed.
Materials and Methods
The experiment was conducted during 1991-92 and 1992-93 growing seasons at Mount Vernon Research and Extension Unit, Mount Vernon, Wash., on a Skagit silty-loam soil (fine-silty, mixed, nonacid, mesic typic fluvaguents). Soil organic matter was 2.6% and 1.4% and soil pH was 5.9 and 6.7 in 1991 and 1992, respectively. Plots were naturally infested with a high population of common lambsquarters (Chenopodium album L.),
The unique maritime climate of western Washington, characterized by dry summers and mild winters, permits overwintering and production of high-quality cabbage seed. Thus, Washington State is the dominant cabbageseed-growing area in the world, producing >50% of the world supply (Gabrielson and Pelter, 1989) .
Weed competition may reduce seed yield in cabbage by >50% (Al-Khatib and Libbey, 1992 
, and purple deadnettle (Lamium purpureum L.). Plots consisted of one 4.5-m row with 10 plants. Greenhouse-grown plants of '591-31218' hybrid cabbage were transplanted when they had four to five leaves (on 5 Sept. 1991 and 9 Sept. 1992). Cabbage plants were harvested for seed on 15 July 1992 and 20 July 1993. Treatments were replicated four times in a randomized complete-block design. Conventional tillage practices were followed; plants were monitored for insect and diseases and were treated according to Washington State Univ. guidelines.
Herbicides were applied with a tractormounted compressed-air sprayer. The sprayer was equipped with flat fan nozzles (8002LP; Sprayers Systems Co., Wheaton, Ill.) spaced 50 cm apart that delivered 140 liters•ha -1 at 103 kPa while traveling 3.2 km•h -1 . Boom height was adjusted to 50 cm above the ground.
Applied pretransplanting (PRTR) on top of the soil were pendimethalin at 0.96, 1.92, and 3.84 kg a.i./ha, oxyfluorfen at 0.54 kg•ha -1 , and trifluralin at 0.84 kg•ha -1 , the latter being incorporated 5 cm deep with one pass of a rototiller. Applied posttransplant (POST) were (in kg•ha -1 ) pyridate at 0.5 and 1.0, metolachlor at 3.36, and clopyralid at 0.21. In addition, treatments included a sequential application of trifluralin (incorporated)/oxyfluorfen, pendimethalin/clopyralid, oxyfluorfen/ clopyralid, and oxyfluorfen/pyridate. POST applications of clopyralid and pyridate were made when cabbage plants were at nine to 12 leaves and weeds were at three to four leaves, whereas metolachlor was applied 2 weeks after transplanting but before weed emergence. Weedy and weed-free controls were included. Weed-free controls were maintained by handweeding as needed. All POST treatments, except metolachlor, included nonionic surfactant (X77 Spreader; alkylarylpolyoxethylene, glycols, free fatty acids, and isopropanol; Valent, Walnut Creek, Calif.) at 0.5% (v/v).
General broadleaf weed (shepherdspurse, common chickweed, pineapple-weed, and hedge mustard control) control and crop injury (plants effected) were visually evaluated on a percentage scale, 0 = no control or crop injury and 100 = complete control or all cabbage plants dead. The ratings were made every 14 days after transplanting (DAT) cabbage. Cabbage plants were observed biweekly for injury during the entire 1991-92 and 1992-93 growing seasons.
The population of cabbage was determined by counting the number of cabbage plants in each plot at 10 weeks after transplanting. Cabbage height was measured when plants were at the bud stage. Dry weight biomass of cabbage plants was determined at harvest. Plant samples were dried at 70C for 4 days and then weighed. Seed yield per plant was determined by dividing total seed yield per plot by the number of plants in the same plot, which varied from eight to 10 plants.
Weed control, crop injury, cabbage population, plant height, total biomass, and seed yields were subjected to analysis of variance, and means were compared with Fisher's protected least significant difference at P ≤ 0.05. Visual estimates of crop injury and weed control were analyzed as raw data and after arcsinsquare-root transformation. Nontransformed data are presented.
Results and Discussion
Weed control. In 1992, all herbicides initially provided >85% control of broadleaf weeds, except metolachlor and clopyralid, which control <20% of broadleaf weeds (data not shown). At 70 DAT, the best broadleaf control was obtained with pendimethalin at 1.92 and 3.84 kg•ha -1 , trifluralin + oxyfluorfen, pendimethalin + clopyralid, and oxyfluorfen + pyridate (Table 1) . However, at 140 DAT, only trifluralin + oxyfluorfen and oxyfluorfen + pyridate controlled >80% of broadleaf weeds. At the end of the growing season, only trifluralin + oxyfluorfen showed acceptable broadleaf weed control (65% control).
In 1993, pendimethalin at 1.92 and 3.84 kg•ha -1 , oxyfluorfen, trifluralin + oxyfluorfen, pendimethalin + clopyralid, oxyfluorfen + clopyralid, and oxyfluorfen + pyridate controlled >90% of broadleaf weeds 70 DAT (Table 1) . At 140 DAT, pendimethalin at 1.92 and 3.84 kg•ha -1 , trifluralin + oxyfluorfen, pendimethalin + clopyralid, and oxyfluorfen + pyridate continued to control weeds. At the end of the growing season, broadleaf weed control was best with trifluralin + oxyfluorfen and pendimethalin + clopyralid (data not shown).
Broadleaf weed control at 140 DAT was better in 1993 than 1992 (Table 1) . This difference may be attributed to an unusually cold when the higher pendimethalin rate was used. Oxyfluorfen injury symptoms were minimal and similar to those reported earlier (Bhowmik and McGlew, 1986; Granbowski and Hopen, 1984) . Symptoms were plant stunting, bleaching, and necrotic spotting. However, cabbage plants slowly recovered from injury symptoms and were normal 140 DAT. These results agree with earlier work that showed cabbage plants recovered from initial oxyfluorfen injury (Bhowmik and McGlew, 1986) .
Within 5 to 7 days after applying pyridate at 1 kg•ha -1 , chlorotic and necrotic spots and leaf crinkling and distortion were evident on cabbage. Symptoms were similar but slight and developed more slowly when pyridate was applied at 0.5 kg•ha -1 . Only the high rate of pyridate showed significant injury on cabbage 70 DAT. Cabbage plants had completely recovered from pyridate injury 90 DAT.
Cabbage was visibly injured by clopyralid 5 days after treatment. Injury symptoms were the worst 15 days after treatment then gradually diminished. Plants appeared normal by 70 DAT. Trifluralin and metolachlor slightly injured cabbage by 50 DAT. Symptoms were plant stunting and leaf distortion; however, plants had recovered from these symptoms by 70 DAT.
All herbicide combinations, except trifluralin + oxyfluorfen, moderately injured cabbage plants by 70 DAT. Oxyfluorfen + clopyralid, pendimethalin + clopyralid, and oxyfluorfen + pyridate injured 6%, 7%, and 10% of the plants, respectively. However, plants rapidly recovered from injury and appeared normal at bud stage.
Cabbage productivity. Weed competition reduced total biomass and seed yield of cabbage >50% (weedy vs. weed-free controls; Table 4 ). Cabbage biomass and seed yield increased as the level of broadleaf weed control increased (r = 0.90 and 0.91, respectively). Total biomass and seed yield did not differ between the weed-free control, and pendimethalin at 1.92 and 3.84 kg•ha -1 , trifluralin + oxyfluorfen, pendimethalin + clopyralid, and oxyfluorfen + pyridate treatments. Although several herbicides injured cabbage, the injury was temporary and did not reduce total biomass and seed yield compared to weed-free plots. In general, cabbage seed yields were highest in herbicide-treated plots that initially had the most crop injury. We attribute this response to superior broadleaf weed control and rapid recovery of cabbage plants from injury symptoms.
PRTR treatments of pendimethalin at 1.92 and 3.84 kg•ha -1 , trifluralin + oxyflourfen, and sequential treatment of pendimethalin followed by POST application of clopyralid, or oxyfluorfen followed by postemergence application of pyridate or clopyralid should provide adequate broadleaf weed control with no adverse effect on cabbage growth and seed yield.
winter in 1993, which slowed herbicide degradation in the soil (Walker, 1987) . In addition, 1992-93 plots were heavily infested with henbit and purple deadnettle, which were susceptible to all herbicides, except metolachlor.
When herbicides were applied alone, shepherdspurse, common chickweed, pineapple-weed, and hedge mustard (which are the dominant broadleaf weeds in cabbage seed fields in the Pacific Northwest) responded differently to herbicides 70 DAT (Table 2) . Oxyfluorfen and pendimethalin at 1.92 and 3.84 kg•ha -1 controlled >80% of shepherdspurse. Trifluralin and pendimethalin at 3.84 kg•ha -1 gave perfect control of common chickweed. Pineapple-weed was not controlled with any herbicide, except oxyfluorfen, clopyralid, and the highest rate of pyridate. Hedge mustard was not controlled by any herbicide tested in this study.
Control of shepherdspurse, common chickweed, pineapple-weed, and hedge mustard was less at 140 DAT (Table 3) than at 70 DAT. This response was not surprising because the herbicides that we used break down relatively rapidly in the soil (Reyes and Zimdahl, 1989; Schlesselman and Lange, 1984; Smith and Aubin, 1989; Walker and Zimdahl, 1981; Zimdahl et al., 1984) . Oxyfluorfen continued to control shepherdspurse. Trifluralin and the highest rate of pendimethalin controlled 96% and 86% of common chickweed, respectively. Pineapple-weed was not affected by herbicides, except clopyralid, which controlled >90% of this species. Hedge mustard was not significantly controlled by any herbicide.
Broadleaf weed control with herbicide combinations was better than with herbicides applied alone (Table 1) . This superior broadleaf weed control with combinations was due to the complementary weed control spectrum of each herbicide in the combination (Tables 2 and 3 ). The best broadleaf control was with the trifluralin + oxyfluorfen combination. In addition, this combination provided additive effects on many broadleaf weeds, including hedge mustard.
Cabbage injury. Visible symptoms of herbicide injury on cabbage ranged from moderate to slight. All herbicides injured cabbage in both growing seasons (data not shown). When herbicides were applied alone, pendimethalin injured cabbage the most; trifluralin and metolachlor injured cabbage the least. However, injury appeared to be transitory; as the crop recovered, and plants looked normal at the bud stage. Cabbage population, flowering date, and plant height were not affected by herbicides (data not shown).
Pendimethalin caused injury symptoms 30 DAT, with maximum injury symptoms 70 DAT; however, plants recovered from these symptoms by 100 DAT and 170 DAT when pendimethalin was applied at 1.92 and 3.84 kg•ha -1 , respectively (data not shown). Pendimethalin caused stunting, and as the degree of injury increased, plants became dark green and leaves occasionally were distorted, crinkled, and cupped downward. The intensity of these symptoms was greater, and the number of leaves affected was higher 
